A book published in 1999 hypothesized that the scientists who worked with the CHAT type 1 attenuated polio strain tested in the former Belgian Congo in the late 1950s had covertly prepared the vaccine in chimpanzee kidney cells contaminated with a simian immunode¢ciency virus, which evolved into HIV-1 group M. This paper summarizes the results of the investigation conducted by the author to determine the legitimacy of the accusation. Testimony by eyewitnesses, documents of the time, epidemiological analysis, and ancillary phylogenetic, virologic and PCR data all concur to reject the hypothesis as false and without factual foundation.
INTRODUCTION
We pay more attention to a single story told well (even if false) than to reams of hard data (even if accurate) (Pigliucci 2000) . This is the strangest paper I have ever given, belonging perhaps more to the world of literary exegesis than to the world of science. However, it is time that the true history be told about the oral polio vaccine (OPV) that was tested more than 40 years ago in the then Belgian Congo (Courtois et al. 1958) , to correct the misrepresentations that have been widely disseminated by The river (Hooper 1999) and subsequently by articles written about the book.
The evidence I present is based on papers and documents of the time from my personal ¢les and elsewhere, on testimony from people whom Mr Hooper also interviewed and from some he did not, and on close examination of the basis for the allegations in his book.
Analysis of Mr Hooper's lengthy work reveals that the argument against CHAT, the precursor of HIV-1, boils down to two assertions: (i) that the vaccine was prepared in the kidneys of SIV-infected chimpanzees obtained from a colony established in the Belgian Congo; and (ii) that there was a coincidence in place between administration of the vaccine and early cases of AIDS. I will now respond to both of those assertions. (A companion paper, containing parts of the present article, plus additional material, has recently been published (Plotkin 2001) .)
DEVELOPMENT AND PRODUCTION OF THE CHAT TYPE 1 ATTENUATED STRAIN
The derivation of CHAT from an ancestor type 1 poliovirus called SM N-90, attenuated by passages in chick embryo and monkey kidney cell cultures, was described by Koprowski (1957) . SM N-90 was serially passed four times in infants. The virus from the stool of the last infant was renamed CHAT, and was plaqued in monkey kidney monolayers. Individual plaques were submitted to neurovirulence tests, some performed in chimpanzees housed in the Belgian Congo camp. The most extensively tested virus was plaque 20, from which seven plaque derivatives were also tested for neurovirulence. The sequence was plaque 9 to plaque 13 to plaque 20 to plaque 36. 1. The derivation of the name of the strain is stated, coming from Charleton, the name of an infant who was fed the SM N-90 predecessor of CHAT at an institution for retarded children in Sonoma, California in 1956. That the name of the strain CHAT was so derived was common knowledge around the laboratory in 1957. The name does not stand for`chimp-attenuated', as suggested by Mr Hooper. 2. All passages are indicated as having been made in MK, standing for monkey kidney cells. These were cells of either rhesus or cynomolgus origin, received as suspended cells or monolayers commercially prepared by Microbiological Associates. I would have never referred to chimpanzee kidney as monkey kidney.
3. Pool 10A-11 is a mixture of pools 10 and 11, evidently to provide su¤cient volume for the Congo vaccination. 4. No seed system was used. Rather, each pool served as the seed virus for a subsequent pool. Today, in order to avoid possible changes in the properties of the virus by cell culture passage, one would create a seed virus, from which all subsequent pools would be prepared. In those days, the system was to passage the virus and to check each passage for neurovirulence in primates. However, when Wyeth Laboratories, the commercial vaccine manufacturer, became involved in production of CHAT, it did produce a seed pool, which then served to produce a vaccine pool called Wyeth 2^4B-5, and later other pools.
I was in the laboratory from August 1957 to June 1961, and never saw or heard of chimpanzee cells. I also have the testimony of other people in the laboratory during the entire period that vaccine was made at the Wistar Institute. Most important, Barbara Cohen, the technician who opened Koprowski's polio laboratory at the Wistar Institute in June 1957, who was in charge of that laboratory during the entire period, and who made all of the vaccine produced at Wistar, states the following (Cohen 1999 At no time did I ever receive or work on chimpanzee kidneys, nor to my knowledge cells derived from chimpanzees. I never made, nor know of anyone in the lab who made p olio vaccine in chimpanzee cells. However, I did receive serum and stools from those animals to test for p oliovirus and antibodies.
The cells used to produce the CHAT and other p olio vaccines were labeled`rhesus monkey kidney' and were obtained from a commercial supplier, I believe.
In addition, I have located four other people who were in the Koprowski polio laboratory between 1957 and 1960. Table 1 summarizes their jobs at the time and their written statements with regard to knowledge of chimpanzee kidneys or cells. It is unlikely that a batch of chimpanzee kidneys or cells could have escaped the notice of all of these people. I have also spoken to two people who prepared the CHAT vaccine at Wyeth Laboratories, Dr Howard Tint and Dr Alan Bernstein. Both deny that chimpanzee cells were ever used at Wyeth.
We and many other researchers in the late 1950s referred to animals whose kidneys were used in tissue culture as`monkeys' or`macaques'. Further speci¢cation of these donor animals was not necessary since no other animals were used for vaccine preparation. (Koprowski 1961) .
Also, in 1961, in a paper about the intratypic serodi¡er-entiation of polioviruses, I tested ¢ve lots of the CHAT virus (Plotkin et al. 1961a) . The material and methods section says:`Primary cultures of monkey kidney cells were used in all the work described here, except in the case of a single pool of CHAT virus which was prepared in a culture of human diploid cells as described elsewhere'. In a table the pools that were produced outside of the Wistar Institute (namely in Belgium and Wyeth Laboratories) are speci¢ed, and also the lot that was produced in human diploid cells, which was speci¢ed as an exceptional cell substrate.
In 1960 I gave a paper shortly after the discovery of SV40 in rhesus monkey kidney cells (Plotkin 1961) . The text refers to that discovery and discusses the medical follow-up of infants vaccinated with Koprowski OPV strains to determine if any had developed cancer, and it also discusses certain laboratory studies:
Despite the p robable harmlessness of these adventitious agents, two lines of research are being p ursued at the Wistar Institute in an e¡ort to obtain live-virus vaccines containing only poliovirus. First is an attempt to purify live-virus vaccine by passage through a cellulose ion exchange resin. In this technique, virus p repared in Rhesus monkey kidney is dialyzed and p ut on a diethyl aminoethyl cellulose (DEAE) column in 0.01 M tris bu¡er.
Can this be interpreted in any other way but that we had been using rhesus monkey kidney cells to make the vaccines?
Other papers mentioning monkey kidney during that era are listed in table 2 (Koprowski 1957 (Koprowski , 1961 Plotkin et al. 1959 Plotkin et al. , 1961a Plotkin et al. , 1966 Anonymous 1960; Norton et al. 1962; Hay£ick et al. 1962) .
Thus, there is no evidence for the assertion that chimpanzee cells were imported to the Wistar Institute, and no evidence that vaccine made in Philadelphia was prepared in any other cells than those derived from macaque monkey kidneys. It is extremely unlikely that the Rega Institute would have undertaken vaccine production, in view of the small size of the unit and its dedication to research. Such would have been feasible from 1957 on only at RIT, as a commercial laboratory.
Were chimpanzee cells used to make the vaccine? The testimonies of six people are relevant: Abel Prinzie, Julian Peetermans, Josette Costermans, Monique Lamy, Paul Kolosi and Constant Huygelen, whose functions are listed in table 3. Prinzie (1999) states:
. . . we never (and I absolutely underline never) used chimpanzee tissues or cells, we only used kidney tissue cultures from Macacus Rhesus, Macacus Cynomolgus and later, Cercopithecus (AGM) [i.e. African green monkey].
As far as`CHAT' strain production is concerned, we may have produced a small p ool of virus at the Rega around 1958, just as we reproduced many other poliovirus strains for laboratory purposes. I emphatically deny Hooper's annotation on p. 789 (The river) that I said it was`intended for the Ruzizi valley Plotkin et al. (1966) He makes no reference to local production in the Congo.
Referring to the possibility that CHAT vaccine was produced in Stanleyville, Mr Hooper quotes Dr Gaston Ninane to the e¡ect that he tried but failed to cultivate chimpanzee cells at the Stanleyville laboratory. Dr I remind you that this is the year when Mr Hooper says CHAT vaccine was prepared at the Stanleyville laboratory in chimpanzee cells. The mere preparation of cell cultures was su¤ciently daunting to be mentioned proudly, and yet we are asked to believe that the local production of a polio vaccine for human use would have gone unmentioned.
We also found Paulette Dherte, the pharmacist who served as Paul Osterrieth's assistant. When asked if polio vaccine was ever produced in Stanleyville, she laughed uproariously and said that was completely impossible.
(c) Which CHAT lots were used in the Congo? (Table 4) The only lots that we can say with certainty were used in the Belgian Congo were pool 8 or 9 in Stanleyville and Courtois et al. 1958) , in children in Sweden (Bottiger et al. 1966; Gard et al. 1959) , in children in Switzerland (Buser & Schar 1961) , in infants at Clinton Farms ) and probably in the Moorestown family trial conducted in Moorestown, New Jersey (Plotkin et al. 1960a) . Pool 13 was used in Le¨opoldville (Lebrun et al. 1960) , in children in Poland (Przesmycki et al. 1959 (Przesmycki et al. , 1960 and in infants at Clinton Farms (Plotkin et al. 1959) . There is no evidence that any of the vaccinations led to HIV infection. It is of interest to note that in one of the Le¨opoldville papers, it says that pool 13 was exactly the same lot as used in Poland' (Plotkin et al. 1960b) . RIT lot 101 was used in Rwanda-Urundi late in the vaccination campaign.
PCR STUDIES
PCR was performed on pool 10A-11 by Dr Jan Albert at the Karolinska Institute in Stockholm, for the detection of HIV/SIV. The result was negative (A. J. Wigzell, personal communication September 12 2000) Unfortunately, no specimen remained for testing of the cell substrate. However, more recently the Wistar Institute organized blind tests in three laboratories of seven other pools of CHAT, including pool 13, which was used in the Congo. All were negative for HIV/SIV, and all lots gave PCR evidence of macaque monkey cellular DNA, but not of chimpanzee cellular DNA (Blancou et al. 2001) . Thus, the PCR data were inconsistent with the OPV^HIV hypothesis.
THE CHIMPANZEE CAMP AT LINDI
The centrepiece of Mr Hooper's detective story is that Koprowski and the Belgian scientist Ghislain Courtois established a camp for chimpanzees at a place called Lindi, near Stanleyville. The purp ose of the camp was not at all mysterious. It is stated clearly in a paper by Courtois (1966) and in the 1958 (Anonymous 1958) and 1959 (Anonymous 1959a) annual reports of the Stanleyville laboratories, which speak of vaccinating by the oral route a su¤cient number of chimps, checking the immune changes thus provoked, and ¢nally infecting them by the oral route with a paralytogenic strain of polio to verify the protective power conferred; checking by intraspinal injection the neurovirulence of the strains used, as well as the possible changes that could have occurred in their pathogenicity after passage through the digestive tract of vaccinated infants;`trials with the virus of Infectious Hepatitis', with measles and canine distemper virus inoculations in 32 animals, plus isolated experiments on allergic encephalitis, artherosclerosis and diabetes. Studies of cancer induction in chimps are also discussed for the future (Anonymous 1958 (Anonymous , 1959a .
With respect to the hepatitis experiments mentioned above, we have Dr Fritz Deinhardt's notebook (Deinhardt 1959) . From his notebook we learn that 54 chimpanzees were used in the hepatitis experiments. Their approximate ages, as recorded in the book for 52 of them, are given in table 5, from which we see that with two exceptions all animals were less than seven years old and not likely to have been infected with a SIV. One of the two older chimps was acquired from a zoo, but we do not know at what age it came to the zoo, so that only one out of 52 animals was likely to have had sexual experience. That animal was between seven and ten years old, based on his weight of 26 kg. The reason that the chimps were young (aside from the fact that they are easier to catch) is obvious to anyone with experience of them, but is stated by Courtois in another article (Courtois & Mortelmans 1969) :Àpes weighing more than 20 to 25 kg must be considered as unmanageable and very dangerous' .
The Deinhardt notebook also contributes other important pieces of information. The hepatitis experiments began in January 1958 and ended in May 1959. During that 17-month period, 187 liver biopsies were done under anaesthesia. The anaesthetic used was called Nesdonal, which is the brand name of thiopentone sodium, a barbiturate much used for anaesthesia at the time. Undoubtedly, these numerous episodes of anaesthesia for liver biopsy account for the description of anaesthesia allegedly given to Mr Hooper by an African attendant at Camp Lindi.
As far as the issue of kidney removal is concerned, we know that was practised six times for Deinhardt ' 
EPIDEMIOLOGY OF CHAT VACCINATION AND AIDS
The second major assertion in The river is that there is an amazing coincidence between sites of CHAT vaccination and early cases of AIDS. Two circumstances are particularly cited by Mr Hooper to show a relationship between CHAT and AIDS. One is a Belgian cartographer and his wife who are said to have been infected in Kikwit, and the other is vaccination in a place called Lubudi, to explain the cases in Katanga.
Kikwit was a town of about 15 000 inhabitants where I went in May 1959 to start a study of immunogenicity. By that time we knew from the Ruzizi trials that African adults were almost all immune to polio, and therefore vaccination was restricted to children under the age of ¢ve years. We vaccinated with CHAT and also took blood specimens for pre-vaccination titres. Unfortunately, after bleeding 160 children, the rumour began to circulate that the blood was being taken for the purposes of witchcraft, and the vaccination centre was soon encircled by angry people. The next day we were able to vaccinate only 15 children (Plotkin 1959b) . We were forced to terminate the study and indeed had to be evacuated from the centre by soldiers.
You can imagine how marked I was by that experience, and you can therefore imagine how surprised I was to read in Hooper's book (Hooper 1999, p. 749 ) that between one-third and one-half of the population had been vaccinated in May and that vaccinators had returned to Kikwit in November to vaccinate 600 more people. According to Mr Hooper, the Belgian cartographer was included in one of these vaccinations.
The sources given for these statements are Dr AndreL ebrun and Dr Michel Vandeputte plus one of my own papers. Contact with the two Belgian physicians resulted in denials from both. DrVandeputte writes (Vandeputte 2000):
On the ¢rst day, we vaccinated the children of the military camp of KIKWIT. Blood samples were taken from most of these children for antibody testing. The second day, the vaccination was pursued amongst the children of the local community but had to be stopped very quickly because of local unrest and protest from the p eople (i.g. blood sampling at the femoral vein was thought to be cause for later sterility). As far as I can remember, we vaccinated during this period no more than a few hundred children.
None of us recollects the vaccination of European adults in May, but what about November ? I reread my paper (Plotkin et al. 1961b ) and saw that Mr Hooper was basing his idea on the following sentences:
Of particular interest is virus 525, isolated from a 32-year old European woman who develop ed p oliomyelitis one month after coming to a village in the Congo. In this village and in neighbouring villages during the latter part of 1959 there had been several cases of type 1 p oliomyelitis. Consequently, on 30 November 1959, CHAT was administered to 374 Europ eans of all ages and 253 African children less than 5 years old.
In my ¢les there is a facsimile transmission, which refers to vaccination in a place called Moanda of 374 Europeans and 253 Congolese, in relation to the case of Madame de Jonghe, a Dutch woman who developed polio on 10 January 1960, which corresponds exactly with the episode referred to in my paper. Moanda is on the Atlantic coast, some 730 km (450 miles) from Kikwit, which may be too far even by Mr Hooper's generous standards of geographical proximity. Thus it is unlikely that the Belgian cartographer was vaccinated.
A second circumstance emphasized by Mr Hooper is an alleged vaccination site at Lubudi, to explain cases that occurred 100 or 175 miles away. The evidence for vaccination is based on a newspaper article (Anonymous 1959b) . Lubudi is in Katanga Province where, so far as I know, no vaccination was ever done because the health authorities were opposed to the concept of live poliovirus vaccination. Two of those authorities are still alive: Dr Jean Delville and Dr Stephane Pattyn, formerly provincial medical director and laboratory director, respectively. Both deny that vaccination was done in Katanga (Delville 2000; Pattyn 1999) .
I returned to the newspap er article that spoke of the planned vaccination and saw that it in fact referred tò Kabare-Lubudi'. Kabare is just north of the Ruzizi Valley, and to the west by road is Lubutu, whereas Lubudi is almost 500 miles to the south. I think it is more likely that the reporter made a mistake in spelling than that we referred to two places so distant from one another.
Thus, the two AIDS cases that would be most useful to bolster Mr Hooper's case are unrelated to sites of CHAT vaccination.
What about the general idea that vaccination sites and AIDS cases before 1980 are juxtaposed ? First, it is important to note that only 10 of 38 cases listed by Mr Hooper were con¢rmed to be HIV infections. However, let us for the sake of argument accept them all as AIDS cases. Mr Hooper then claims that`of the 28 patients for whom a speci¢c town is cited, 23 come from the Congo, Rwanda, or Burundi and of these, fully 17 are linked to towns where CHAT was previously fed. The other six are linked to places situated within 175 miles of towns where CHAT is known or believed to have been fed. ' (Hooper 1999, p. 743) Why was 175 miles chosen? Why not 50 or 500? I think the statisticians call that type of correlation`data ¢shing'.
But just how signi¢cant is that observation? In fact, 13 of the 17 cases where vaccination and disease match come from the metropolis of Le¨opoldville and two from the city of Stanleyville. Thus 15 of the 17 matches between vaccination and AIDS are scarcely surprising, occurring in two major urban areas.
Moreover, as shown in table 6, the distribution of AIDS cases (if they were AIDS cases) shows a strong urban/rural di¡erence. For the four towns where there were cases, the incidence was 3.4 per 100 000; for all urban areas it was 1.3 per 100 000; while for rural areas the incidence was down to 0.4 per 100 000.
Finally, if we now look at the map (¢gure 2) from which the Kikwit cases and the Lubudi vaccination sites have been removed, we see that in the Bas Congo and in Province Oriental there is CHAT vaccination and no AIDS, while in Katanga there is AIDS but no CHAT vaccination.
(a) Vaccination in Burundi
Mr Hooper makes a particular case for CHAT having been the source of HIV infection during a vaccination campaign along the eastern shore of Lake Tanganyika, from Usumbura to Nyanza Lake (Hooper 1999, p. 788) : It is rather the CHAT 10A-11 vaccine used in 1958 for the second (Lake Tanganyika) leg of the Ruzizi Valley trial, vaccine that was fed in places like Usumbura and Rumonge, which coincides most precisely with the early appearance of HIV some years later'.
The basis for this so-called early appearance of HIV is seroprevalence data obtained in 1980^81 by Morvan et al. (1989) . They found the prevalence was higher in the city of Usumbura (8.1%) than in the rural area (2.8%), which is consistent with an epidemic propagated by sexual transmission, but the prevalence in a village named Rumonge was 11.9%. Although the ¢gure was based on only eight positive sera among 67 tested, Mr Hooper nevertheless makes a great point about this, but fails to quote the explanation given in the paper by the authors themselves:Àt Rumonge, where there existed a high frequency of seropositives (11.94%), there was a Burundu^Zairois population comparable to a semi-urban environment with free sexual morals'. Dr Bernard Carteron, one of the authors, also told me that there were many Zairean truck drivers in Rumonge. Moreover, while everybody knows of the seropositive adult from Le¨opoldville in 1959 (Nahmias et al. 1986) , fewer have noted that Motulsky also obtained sera from children in the Ruzizi Valley and in Burundi who probably had been vaccinated with CHAT in 1958 Giblett et al. 1966) . All were seronegative (table 7) .
(b) Clinton Farms and the American AIDS epidemic
Mr Hooper has also proposed an explanation for the introduction of HIV into the United States: namely, that during our early trials of immunization in a women's prison in New Jersey, called Clinton Farms, CHAT vaccine contaminated with SIV was administered to infants. He calls attention to a case of paediatric AIDS reported by Dr James Oleske, a paediatrician from Newark (Oleske et al. 1983) . The child in question was born in 1974 to a 16-year-old drug-addicted mother. The contention is that the mother had been an infant at Clinton Farms and was one of the CHAT vaccinees.
However, Dr Oleske has ruled out this possibility. Dr Oleske writes (Oleske 2000) : Thus, this hypothesis also has no facts to support it.
REFLECTIONS
After all is said, we are left with the same facts that were widely known when Mr Hooper started writing his book: namely, that AIDS became apparent as a disease in the same country where CHAT OPV vaccination was done, and that chimpanzees were available to those who made the vaccine.
There is a special irony in the accusation that we were oblivious to the threat of extraneous agents in primary cell culture. To avoid that threat Dr Koprowski and I were the ¢rst to apply the human diploid cell strains developed by Hay£ick & Moorhead (1961) to the creation of vaccines, ¢rst for polio, and then later in Hilary's case for rabies (Wiktor & Koprowski 1965) and, in my case, for rubella (Plotkin et al. 1965 ) and other vaccines.
The river has been praised for its precise detail and wealth of footnotes, but one can be precise without being accurate.
The issue in the case under consideration is not whether contamination of vaccine with HIV might have happened, but whether in fact it did happen. Of course, it is well known that science does not prove negatives. All things are possible, including goblins and ghosts. A thousand hypotheses are daily born, but few live to evening. To accept a hypothesis science demands not only association in time but also the absence of con£icting data. By this test, the OPV^AIDS hypothesis fails.
In summary, not a shred of evidence supports the idea that chimpanzee cells were actually used to make polio vaccine, and the supposed geographical correlation between vaccination and AIDS is an illusion. Moreover, the ancillary virologic and epidemiological data are against the OPV^AIDS hypothesis, as discussed at this symposium by Hahn, Korber, Sharp, Beale, Vandamme, De Cock and others.
The river does not withstand critical analysis. The energy deviated by this controversy should now return to research that seeks to end the AIDS epidemic, notably through vaccine development. Motulsky et al. (1966) ; Giblett et al. (1966). b Figures in parentheses are numbers calculated on the apparent 14.5% loss of specimens lost between collection and testing for HIV-1 antibodies (Nahmias et al. 1986 ).
